The construction industry is a major generator of waste. There are many challenges associated with implementing sustainable methods to manage construction waste. While the construction industry in the State of Qatar has been adopting plenty of progressive practices, waste management, especially of concrete waste, has not advanced notably. In addition to the limited supply of limestone suitable for use as natural aggregate for concrete production in Qatar, the ability to recycle and reuse concrete waste is critical to reducing environmental impacts to meet national, regional and global environmental goals.
Figure 1. Environmental Impact of Construction Waste Management Approaches
As one of the world's fastest growing economies, the fast pace re/development of Qatar and the explosive population growth result in the generation of large amounts of solid wastes from all streams, e.g. municipal wastes, construction and demolition wastes, industrial wastes, etc. Figure The country has been under international pressure to improve environmental performance, which will be paid special attention during the 2022 FIFA World Cup™ which Qatar will host. Qatar National Development Strategies target the reduction of the amount of waste produced by significantly increasing recycling and reducing landfill waste from more than 90 percent to below 65 percent (MDPS, 2018) .
There are four designated locations for surplus of excavated materials in Qatar: Area 1-Simsima, Area 2-Al-Mazrouah, Area 3-Umm Al-Afaai and Area 4-Al-Karaana. Two additional areas are designated as "dump sites" for construction waste: Area 5-Rawdat Rashid and Area 6-Um Thaniyten. Of all the solid waste generated in Qatar, 75% is by construction (MDBS, 2015) . Annually, 7 to 9 million metric tons of waste is sent to be buried in Rawdat Rashid landfill near the city of Mesaied (MDBS, 2015) .
The site has expanded rapidly in recent years to an area of about 8 km2 to accommodate to tens of million metric tons of waste every year. Figure 3 shows the vast amounts of construction waste disposed at Rawdat Rashid Landfill. There have been recent efforts to lower construction waste and increase recycling and reuse (Murray Reid, Hassan, Sirin, & Taha, 2016) . To date, however, waste generation (and disposal) from construction remains unregulated for the most part. These efforts most notably include Qatar Construction Specifications' (QCS) guidelines on recycled and reused materials-crushed concrete for aggregate-in Parts 8 and 9 on road works as well as Section 7 on green building (QSC-Committee, 2014).
The use of aggregates in construction in Qatar is governed by QCS (K. Hassan, Kuwari, & Reid, 2014) .
The 4th edition of the QCS released in 2010 had limited provisions for the use of recycled aggregates.
The 5th edition of QCS published in 2014, currently in use, includes a few more provisions for the use of recycled aggregates, most importantly for unbound pavement materials, asphalt and concrete (QSC-Committee, 2014).
Literature Review

Incentives for Construction Waste Reduction
For a long time, researchers have worked on devising is/incentives to reduce construction waste. In one research, issuing certificates for projects using recycled aggregates was found to promote further utilization (Hendriks, 1994) . Others researched viability of reward programs to minimize construction waste generation (Chen, Li, & Wong, 2002) . A research from Chinaby Yuan identified 16 critical management measures that mainly establish a system of rewards and penalties for the purpose of material saving (Yuan, 2013 incentivize and promote reusing and recycling of construction waste (Poon et al., 2013) . This program was initiated when the government came to the realization that noninert wastes being land filled in Hong Kong's landfills were going to fill all of them within a few years (Lu & Yuan, 2011) .
Concrete Waste Recycling to Aggregates
Prior to reuse, concrete waste must be crushed. Almost all of the world's production of crushed concrete is used for applications such as roadand pavement filler materials (Tošić, Marinković, Dašić, & Stanić, 2015) . When the large coarse particles of crushed concrete separated using methods such as two-stage crushing, the crushed concrete is considered an alternative aggregate, referred to as Recycled Concrete Aggregate (RCA) and the remaining fine concrete is conventionally referred to as Fine
Recycled Concrete Aggregate (FRCA) (Weil, Jeske, & Schebek, 2006) . RAC is commonly used as a base material for road pavements, parking lots and driveways. Less commonly, RCA/FRCA is used as primary material to produce Recycled Aggregate Concrete (RAC) to be used, for example, as structural concrete (Xiao, Ma, & Ding, 2016) . In this case RCA/FRCA used for RAC has to be obtained by recycling clean concrete waste where content of other building waste is very low (Dhir et al., 2019) .
The use of RCA in place of Natural Aggregate (NA) has been growing for the last few years. This is mainly due to the need for recycling/reusing the concrete waste from the ever-increasing construction and demolition waste streams. The use of crushed concrete also comes as an alternative to the scarce NA that is sourced from distant locations in many cases (Marinković, Radonjanin, Malešev, & Ignjatović, 2010) . Since Qatar's land is almost exclusively limestone deposits and formations, local limestone aggregates are limited in use by construction due to their unfavorable water absorption and abrasion quality. Imported limestone and/or gabbro aggregates are widely used for construction activities in Qatar (Al-Ansary & Iyengar, 2013).
There are several studies that compare the suitability of RAC in comparison to NA concrete considering one or several dimensions, most importantly: material suitability for use, environmental impact, financial feasibility and, in some studies, social impact (Katare, Madurwar, & Raut, 2020) .
With a set of multi-criteria, Tošić conducted a comparison between NA concrete and RAC (Tošić et al., 2015) . The criteria involved technical, economic and environmental aspects. This is a multifaceted research in that it compares and contrasts two aggregate alternatives across multiple disciplines. The research, however, overlooked probable mass production issues.  weighing savings to costs for various construction and demolition waste management alternatives (Zhao, Leeftink, & Rotter, 2010) , and  incentivizing reuse and discouraging disposal to landfills by imposing landfill tariffs/charges on construction and demolition waste (Corinaldesi, Moriconi, & Naik, 2010) .
These studies have evaluated material streams and the possibility to balance the construction and demolition waste (and/or activities) with the either disposal or recycling/reuse. Only a few researchers have examined structural use of recycled concrete waste including Marinkovic and Dosho (Marinković et al., 2010) (Dosho, 2007) . has an environmental implication to consider. The research suggests that more atmospheric CO2 would be absorbed by concrete produced with RCA-incrushed form-over its life cycle, in comparison to NA concrete (Corinaldesi et al., 2010) . This is because the surface area of exposure in RCA and the total carbonation process taking place during the concrete life cycle is extended (Collins, 2010 (Collins, , 2013 Lagerblad, 2005) . This incremental environmental benefit using RAC has also been studied by Collins (2013) . These studies are examples of insights into one advantage with the use of RCA and RAC, but the research body of work analyzing the replacement of NA by RCA needs more research work.
Collins also evaluated financial feasibility of using RAC in ready-mix concrete plants (2013). The study covers all ready-mix concrete production operations integrating RAC but is constricted to financial practicality. Generally, there have been studies delineating the factors concerning economic recycling feasibility of construction and demolition waste (Wijayasundara, Mendis, & Ngo, 2017) as well as conducting overall feasibility analysis of concrete recycling (Coelho & De Brito, 2013) . To compare concrete waste reduction to recycling, Tam assessed economics of recycling against landfilling. The study concludes that recycling of construction waste is adds economic benefits to the concrete industry (Tam, 2008) . And for use, economic/market-based instruments promoting
RCAoverNA were studied and presented by Duran et al. (2006) . These studies have covered the financial feasibility of RAC/RCA or the enactment of policies that support the use of RCA in place of NA which are good starting grounds for wide implementation of concrete recycling. For the wide consequences on the construction industry, few studies explore financial implications of stricter concrete waste reduction measures. 
Project Case Study
Project Background
The project is a research and development building located in Doha, Qatar. The contract of the project was design-build to fast-track the construction state-of-the-art facility for multiple tenant organizations.
Gold-level certification of the US Green Building Council's (USGBC) Leadership in Energy and
Environmental Design (LEED) was pursued and successfully obtained by the project developer under the Core and Shell (CS) category of 2009 guidelines. Construction stage took 28 months to complete.
Waste Management Specifications
The project had a dedicated Construction Waste Management Plan (CWMP) purposed to provide specific guidelines and requirements for the contractor and sub-contractors on the project. In addition to CWMP, the project's Health, Safety, Security and Environmental Plan (HSSEP) and the Construction Environmental Management Plan (CEMP) contained a few aspects of relevance to waste management/handling on the construction site but do not require any actions reduce, recycle or reuse waste.
Concrete Waste
Regulated by the CWMP, the Contractor was required to manage generated concrete waste by:
 Designating a barricaded area on or adjacent to the construction site for concrete waste. Monitoring final stage of waste end of life is not part of the LEED scoring system.
On this project, the ratio of concrete to non-concrete waste was 6:1by weight for the total construction span of over two years. Concrete waste throughout construction totaled 4,370 tons with a monthly high reaching 551 tons during the building foundation works, two months into construction phase.
Non-concrete waste totaled 727.5 tons and included materials like recyclable and unrecyclable paper, food, wood, gypsum and recyclable and unrecyclable plastic.
Expectedly, generated concrete waste was at its highest as construction activities commenced onsite.
Significant decrease in overall generated amounts of concrete as construction comes to a closure by The base waste reduction requirements of LEED, a widely used green building certification system, are not stringent in that they do not dictate any aspects of recycling and/or reuse of waste materials.
 LEED green building certification system excludes several waste materials, mainly excavated soil and land-clearing debris. They do not contribute to the requirements for the LEED accreditation and cannot be included in the diversion from landfill statistics. Excavation soil typically include soil and debris from land clearing and leveling, trench excavation, concrete slab preparation. However, this opens the door for non-soil materials, including concrete, to be excluded from consideration.

Absence of experience and good practices of waste segregation and sorting. Only one concrete waste recycling facility available in Qatar at Rawdat Rashid Landfill with modest capacity.
Lack of segregation at source and destination increases costs of producing recycled aggregates due to the frequent damage caused to equipment by metals and non-concrete materials.
 Lack of data transparency on aggregate use during construction and after demolition on both public and private project.  When deconstruction and selective demolition methods that aim to reduce and recycle concrete was are used, more employment and economic activities will be subsequently created for the newly increased business opportunities.
 Allow for recycling activities of existing construction and demolition waste at Rawdat Rashid to ameliorate environmental impact of the growing landfill and conserve the available space.
 Ease or wave tariffs and royalties on recycled aggregates and increase selling price of natural aggregate sourced from virgin materials. This can also help offset the environmental impact associated with the excessive extraction and consumption of local limestone.
 Amend QCS to broaden the scope of RCA applications.
 Incentivize developers, designers and contractors to use RCA/RAC in new projects possibly by a scorecard with added points for additional used tonnage of recycled aggregates. Financial penalties to be imposed for projects noncompliant with a minimum, predetermined score.
Conclusion
The recycling and reuse of construction waste, especially concrete, can be effectively expanded to produce primary materials for construction as well as aggregates for laying foundation of infrastructure as well as building projects in Qatar. A top-down approach that begins with the political will to use resources more efficiently and recycle construction waste, particularly concrete waste, can help grow existing efforts.
This research aims to baseline status of concrete waste management in Qatar and identify opportunities for improvement. Due to scarcity of data, expansive growth of construction and abundance of resource, there has been little attention paid to efficiency of resource and waste management.
Research Limitations
The findings of this review are based on literature review of research from across the world and one project case study from Qatar. Issues and challenges as well as corresponding recommendations here above are not exhaustive.
